S food portions and tastes and to include aspects of traditional culinary culture by serving festival meals and local dishes.
Pursuant to the Health Promotion Act 2) , the nutritional management of school lunch programs, which provide large quantities of meals on a continuous basis, is required by law. Standards for nutritional management stipulate the need to conduct regular assessments of the users of school lunch programs to determine their physical condition, nutritional status, and lifestyle-related disease status.
Based on these assessments, programs need to provide meals with adequate quantities of calories and nutrients, implement quality control procedures, and conduct assessments 3) .
Quality control is indispensable from the operational side of producing and serving school lunches that maintain and improve the nutritional status of schoolchildren.
Ideally, an operation that prepares meals for a large number of pupils needs to prepare food in large quantities efficiently, and from a quality control perspective, school lunch programs need to evaluate and improve menu planning and actual food preparation through the plan-docheck-act (PDCA) cycle 4) . The quality of a school lunch is determined by ensuring the provision of not only adequate energy and nutrients for schoolchildren, but also proper portions, taste, colors (visual appeal), textures, temperatures, and sanitary safety.
Consequently, current school lunch programs are required to conduct nutritional assessments (such as physical condition, nutritional status, and lifestyle habits) of schoolchildren regularly and to ensure the quality of school lunches through the PDCA cycle.
Various studies have reported on the nutritional management of school lunches. Kitade et al. 5) determined school lunch reference intake for separate school lunch production facilities, Kojima et al. 6, 7) assessed the nutritional intake and physical size of grade 5 and 6 pupils through school lunch leftovers, and Nozue et al. 8) studied the relationship between food consumption and body weight in children. There have also been school lunch quality control studies that have investigated the nutritional content of school lunch meals 9) and reported on quality control inspection systems from the perspective of hygiene management 10) .
These studies aimed to gain an understanding of the current status (nutritional assessment) and intake of children; however, although they investigated the nutrient content of school meals, they did not perceive school meal programs as a chain of events in the food service management system, linking children's nutritional status with quality control (nutrient content). No studies have been conducted to assess and monitor schoolchildren in school lunch programs that have determined the service standards of nutrient targets for school lunch meals and applied those standards to the food service management of school lunch programs.
Therefore, this study assessed from a quality control perspective menu planning, production, and provision practices in the food service management system of an elementary school to determine whether the energy content of school lunches was appropriate for pupils' growth.
The findings were compared with the estimated energy requirements (EERs) calculated based on anthropometric measurements according to the Dietary Reference Intake for Japanese 11) , which serve as a nutritional assessment, to reveal the current practices of nutrition and meal management in the food service management system. The present study assessed nutrition and meal management using energy content based on the standard energy intake of a meal 12) .
II. Methods
The present study assessed the school lunch program at a public elementary school in City A in Saitama Prefecture, located within 30 km from the capital city of Tokyo. .
Data and statistical analysis
The following data, shown as mean values by grade and month, were used to assess the quality control of school lunch meals: serving size of each meal, amount of intake per person, and energy intake per person. Kondate-Meijin nutrient analysis software (Integrated System Technology Co., Ltd., Osaka, Japan) was used to calculate the energy served in the planned meals.
The EER of the pupils was determined using the Nutri- meal, itadakimasu, and ended the meal with the after-meal utterance of gochisousama. During cleanup after mealtime was over, any leftovers were returned to each of the original stockpots so that no food was left on individual plates.
III. Results

Procedures used in the food
The food that was left inside the stockpots was measured and recorded as the plate waste. School meal intake was calculated by subtracting the plate waste from the served amount per person. Through observation of daily meal consumption, the eating patterns and preferences of the pupils were noted. A preference survey was also conducted once a year. Table 1 shows the weight of served meals (production quality) per person in accordance with the menu planning process (quality planning). The amount of food served by weight was as follows: 501 to 535 g for grade 1, 500 to 533 g for grade 2, 573 to 615 g for grade 3, 576 to 619 g for grade 4, 654 to 701 g for grade 5, and 658 to 702 g for grade 6. The weight of the served staple food and accom-panying dishes was separated into three groups: i) grades 1 and 2, ii) grades 3 and 4, and iii) grades 5 and 6. All grades received the same milk carton weighing 206 g per carton. However, foods that could not be divided into 1 g units, such as sausages (15 g per sausage), were separated into two groups: i) grades 1, 2, and 3 (one sausage) and ii) grades 4, 5 and 6 (two sausages). The served amounts by grade and month were analyzed using a two-way analysis of variance to avoid repetition. Statistical significance was found for grades (p = 0.00) and months (p = 0.00). Figure 2 shows the intake weight and energy intake per meal. The mean intake weight per meal was: 456 to 515 g Values are expressed as mean ± standard deviation.
Portion size of the ser ved meals (per person)
Intake weight and energy intake of school lunch meals
The portion size of the served meal was calculated by adding i) the amount of food per person, which was obtained by dividing the amount of food served to each grade by the total number of pupils, and ii) the amount of milk (206 g) in each individual carton.
* Number of school lunches The numbers inside the brackets show the grade and the number of served meals that were different.
Grade and month effects were analyzed by two-way analysis of variance to avoid repetition.
Grade effect: p = 0 00; month effect: p = 0 00. grade and month was analyzed using two-way analysis of variance to avoid repetition, a significant difference was found for grades (p = 0.00) and months (p = 0.00).
The energy intake per meal was as follows: 464 to 521 kcal for grade 1, 517 to 528 kcal for grade 2, 628 to 641 kcal for grade 3, 628 to 647 kcal for grade 4, 714 to 742 kcal for grade 5, and 733 to 751 kcal for grade 6. The energy intake by grade and month was analyzed using two-way analysis of variance to avoid repetition, and a significant difference for grades (p = 0.00) and months (p = 0.00) was found. Figure 3 shows the distribution of the dietary reference intake (target energy) of lunch determined from an assessment of the pupils' body compositions and EER33%.
Estimated energy requirements
The EER33% for April was reevaluated and found to be 
Number of pupils
April 2015 ～325未満  325以上～350未満  350以上～375未満  375以上～400未満  400以上～425未満  425以上～450未満  450以上～475未満  475以上～500未満  500以上～525未満  525以上～550未満  550以上～575未満  575以上～600未満  600以上～625未満  625以上～650未満  650以上～675未満  675以上～700未満  700以上～725未満  725以上～750未満  750以上～775未満  775以上～800未満  800以上～825未満  825以上～850未満  850以上～875未満  875以上～900未満  900以上～925未満  925以上～950未満  950以上～975未満  975以上～1000未満  1000以上～1025未満 for September was reevaluated and found to be 589 kcal after revising the range of pupils to include the median ± standard deviation × 2. Twenty-one pupils required individual counseling and support. The EER33% for January was reevaluated and found to be 603 kcal after revising the range of pupils to include the median ± standard deviation × 2. Twenty pupils required individual counseling and support. The dietary reference intake (energy content), in other words, the EER33%, for all the pupils at A Elementary School was below the Nutritional Standards 15) of 640 kcal for 8-to 9-year-olds. Table 2 shows the EER33%, energy served, and energy intake from a school lunch meal. In terms of grade groups, the EER33% tended to increase as the grades got higher (Table 2) . As for the changes from April to September, each of the three grade groups increased by 26 to 46 kcal.
As for the changes from September to January, the grades 1 and 2 and the grades 3 and 4 groups increased by 4 to 14 kcal. However, the representative value decreased by 38 kcal in the grades 5 and 6 group because of a decline in energy storage.
The amount of energy served at lunch (Table 2 ) was higher than the EER33% for all grade groups and surveyed months. In terms of energy intake (Table 2) , because of the plate waste in grades 1 and 2, the amount of energy served decreased by 25 to 51 kcal. The energy served in grades 3 to 6 was approximately the same, indicating that the children ate all the food that was served to them at lunch.
IV. Discussion
The school's food service management system began planning 2 months before the commencement of the school lunch program, and hence, the EER33% was determined once the school lunch services began, leading to a time lag in conducting the nutritional assessments. Consequently, the service standard of nutrient targets proposed by the local government was used as a reference to establish the energy targets that matched A Elementary School. We were able to observe one portion of the nutrition and meal management system operated under the PDCA cycle. The planning of the school lunch meals was conducted through nutrition and meal planning, quality planning, food service system planning, and menu con- 
EER: median of 33% of estimated energy requirements, The EER value is the median value.
ES: mean of energy served, EI: mean of energy intake. The ES and EI are shown as mean ± standard deviation.
ET: the energy target for school lunches.
The numbers in parentheses (n) are the sample sizes used in the calculation. EER is the total number of pupils. ES and EI show the number of served school meals. Regarding the amount of intake, the new grade 1 pupils in April seemed to struggle to finish all the food they were served; however, by September, they were able to con- . However, considering past data on plate waste, the slightly low of energy targets for school lunches was proven to be appropriate. The energy targets for school lunches was set higher than the EER33% of grades 3 and 4 (table2, 620 kcal>573 kcal, 640 kcal>609 kcal, 660 kcal>613 kcal). Assuming that the energy targets for school lunches obtained from the EER33% of grades 3 and 4 was 100%, that for grades 1 and 2 in April was 85% (487 kcal/573 kcal) and for grades 5 and 6 was 122% (703 kcal/573 kcal). In September, that for grades 1 and 2 was 84% (513 kcal/609 kcal) and for grades 5 and 6 was 123% (749 kcal/609 kcal). In January, that for grades 1 and 2 was 86% (527 kcal/613 kcal), and 116% (711 kcal/613 kcal) in the 10-to 11-year-olds. The mean ratios were 85% for grades 1 and 2, 100% for grades 3 and 4, and 120% for grades 5 and 6. This mean ratio was very similar to that of other factors that were in place to calculate each meal during the menu planning process, where the energy targets for grades 3 and 4 was used as the basis for determining the ingredients and service management values of the other two grade groups (80% for grades 1 and 2, 100% for grades 3 and 4, and 120% for grades 5 and 6). When ordering the food ingredients, the weight of the ingredients (for grades 3 and 4) was multiplied by the conversion factors 80%, 100%, and 120% to obtain the figures for the corresponding three grade groups. In terms of quality control, the validity was proven. The ratios for the three grade groups shown above could be used as the ratios for obtaining the energy targets for school lunches in menu planning, which formulates the quality planning aspect of quality control. Appropriate amounts were effectively served using the weight factors for cooking and serving in the stockpots, as well as in portioning the prepared food using the conversion factors 80%, 100%, and 120%, according to grade. Knowing from experience that the energy served increases as the grades get higher, it was revealed that the conversion factors were adequate.
On the other hand, when the EER33% by month was set at 100% for September, in April, the figures for the three grade groups were slightly lower: 95% for grades 1 and 2
(487 kcal/513 kcal), 94% for grades 3 and 4 (573 kcal/609 kcal), and 94% for grades 5 and 6 (703 kcal/749 kcal). In January, the figures were slightly higher for grades 1 to 4 and lower for grades 5 and 6: 103% for grades 1 and 2 (527 kcal/513 kcal), 101% for grades 3 and 4 (613 kcal/609 kcal), and 95% for grades 5 and 6 (711 kcal/749 kcal). This increase in the monthly comparison was observed in grades 1 to 4, and there was a clear sign of growth of the children from April. However, for grades 5 and 6, although there was an increase from April to September, the figures decreased between September and January. This may be an effect of decreased basal metabolism and energy storage as, according to age group, they are considered to be 12-year-olds in January.
A previous study 9) reported that the energy retention rate of nutrient content per meal depicted in the quality plan of school meals was approximately 85% owing to water and fat loss through heating in the cooking and production process. The provision and intake of energy outlined on the quality plan of the school meals investigated in this study was slightly higher than the EER33%.
Considering the energy retention rate during production, we can say that it was adequate energy content. As described above, the quality control of the school lunch program at A Elementary School was properly operated from the perspective of nutrition and meal management.
Although the implementation rate of school lunch programs in Japan is over 99%, a limitation of this study was the fact that it presented only the current food service and 
V. Conclusion
The food service management system at A Elementary School determined the energy targets for school lunches 2 months before starting the school lunch program. To develop the plan for the school lunch program, the energy targets for school lunches were calculated based on the service standard of energy targets proposed by the local government, and these targets were revised regularly three times per year, starting in April (April, September, and January) to accommodate the pupils' growth. The menu planning process used the energy targets for grades 3 and 4 as a reference and multiplied by conversion factors (80% for grades 1 and 2; 120% for grades 5 and 6) to determine the amount of meals to be produced and served.
The EER33% of A Elementary School was slightly lower than the energy content of Japanese nutritional stan-
. The energy served in the school meals was higher than the EER33%, and although there was some plate waste observed in grades 1 and 2, the energy intake met the EER33%, indicating that the nutrition and meal management of the pupils was adequate.
This study also revealed that it takes approximately 6 months for new grade 1 pupils to get used to the serving size of school meals, suggesting that measures may be needed in creating menus. In the future, when setting the energy targets for school lunches, individualized attention needs to be paid to pupils whose requirements deviate from the EER33%, and special care for pupils with food allergies needs to be considered. 
